Previous investigations derived the SAHA equation for a plasma in equilibrium applying the free-bound concept valid for an isolated electron-ion pair. In our investigation of the "adapted free-bound model" (I) we have shown that due to the free-bound interaction the demarcation between free and bound states is shifted by A%= -e 2 /r0 . We study the influence of this shift of the ionization limit on the effective ionization energy in SAHA'S equation. At the same time we account by interpolation for the contributions of the quasi-free highly correlated particles. The lowering of the free-bound limit causes an increase of the effective lowering of the ionization energy in SAHA'S equation beyond the well-known e 2 /ö-term resulting from the free-free interaction. This additional term itself is of the order 0{e 2 /D) and therewith much stronger than the correction found from higher order correlations of the free particles. On the other hand it is much smaller than the lowering of the free-bound limit.
SAHA'S equation is used to describe the degree of ionization of a system in equilibrium. In writing down this equation it is common practice to treat the free and bound states of the electrons and ions as two different particle kinds, which do not interact with each other. Supposedly the whole phase space is accessible to each of these free and bound particles.
Under these conditions the degree of ionization is determined by the partition functions of the bound and free particle groups.
If one further neglects the interaction within these groups one arrives at the widely used simple form of the SAHA equation which depends only on the partition functions of the isolated free and bound particels and on the ionization energy of the isolated bound system. In this approximation one is confronted with the problem of the divergence of the partition function of the bound system.
To remove this divergence difficulty various models have been applied to account for the particle interaction. However, the interaction not only limited the partition function of the bound system, but also introduced additional terms which have been interpreted as an "effective lowering of the ionization energy". The introduction of such additional terms was not always strictly analytical deduc-tive, but frequently intuitive on the basis of simple models.
Different results for this effective lowering of the ionization energy have been obtained so far:
The term Ax% = e 2 /D (D -DEBYE length, e -elementary charge) for the lowering of the ionization energy in the SAHA equation has been calculated as the contribution of the free particle COULOMB interaction to the chemical potential 1_4 .
If the influence of the nearest ionic neighbour on a neutral is assumed to dominate, then the lowering of the ionization energy is given by A2% = 3 e 2 / r o (r0 -average interionic distance). This result was derived from the assumption that bound states do not exist if their energy exceeds the potential energy maximum between two ions in the average distance 5 .
A stronger lowering of the ionization potential follows from the formula 6 Al = e 2 !D + « e2 /ro where the second term was added in analogy to metal theory to take into account the contributions of overlapping high energy bound states {0(a) = 1). It has been expected that the value of the lowering of the ionization energy depends on the thermodynamical potential used for the derivation of the SAHA equation 9 . Frequently the cut-off for the atomic partition function and the lowering of the ionization energy in the SAHA equation have been identified with each other [7] [8] [9] [10] [11] [12] . However, the necessity to distinguish between these quantities was also pointed out 6 .
System
Subject of this investigation is a system of equal numbers of electrons and protons in thermodynamic equilibrium at a given temperature and volume. Both, electrons and protons are represented by point charges interacting according to COULOMB'S law. The formation of hydrogen atoms is taken into account but not the effects of negative ions or molecules. No external influences and boundary effects are considered.
The model of a hydrogen plasma has been chosen for the sake of formal simplicity. For other plasmas the problems are similar and our procedure is readily applied.
Aim of this Investigation
It is our opinion that using the "naive free-bound approximation" described in the introduction and accounting only for weak pair interactions between the free particles one obtaines an effective lowering of the ionization energy given by = e 2 /D. In a previous paper 13 we introduced the "adapted free-bound approximation" which differs from the "naive free-bound approximation" in two essential points:
First, it does not replace particle states by particle kinds and consequently avoids the incorrect double counting in the phase space. Second, it uses a different demarcation between free and bound states which accounts roughly for the free-bound interaction.
It must be expected that the shift in the freebound demarcation affects the effective lowering of the ionization energy in SAHA'S equation.
It is the aim of this investigation to study this influence accounting at the same time approximately for the higher order correlations and typical quantum-mechanical effects in the quasi-free subregion defined in I.
Saha's Equation for the Adapted Free-Bound Model
For the naive free-bound approximation one writes down the partition function of a system with a specific number of independent "free particles" and independent "bound particles". Minimalization with respect to the parameter of the free particle number provides the SAHA equation.
For the "adapted free-bound model" the problem is more complicated since we do not treat free and bound states as different particle kinds and moreover have three kinds of particle states: free states with weak pair correlation, quasi-free states and bound states (see Fig. 1 approach to determine the degree of ionization for the adapted free-bound model one should bear in mind that there is no hope for an exact analytical description of the highly correlated quasi-free group. Consequently the approach should be such that it allows a reliable interpolation through this quasifree region.
We first consider electrons and ions as distinguishable and grouped in pairs. Neglecting all interactions except within the bound states we have the partition function of our system given by Here Q is the total partition function of the system, oo, i, 2 are the contributions to the pair-partition functions and g the weight functions for the ranges 0, 1 and 2 specified in Fig. 1 . ot is the partition function for the translational degrees of freedom of the center of gravity. £ indicates the energy of an isolated pair in its center of gravity system. N is the total number of electron-ion pairs, Ry the RYDBERG constant, m the electron mass, h PLANCK'S constant.
Applying the trinominal formula to Eq. (1) we arrive at (5)
•VJ Each term of this sum gives the probability for the realization of a certain subdivision of our system into (N -v) bound, (v -ju) quasi-free and (/u) free states.
We now account for the tianslational exchange degeneracy within the bound group and within the group of free electrons and free ions. To do this we multiply each term of the sum in Eq. (5) belonging to the same v with the factor [(N -r) The most probable term of the partition function -corresponding to the SAHA equation -is found by minimization with respect to v and ju. This results in
We now take the free-bound and the free-free interaction into account.
According to the ideas developed in I this does not affect the weight function g0 below «j 1^.
Within the free group we know from diagram techniques and other methods that the effect in o2 can be taken into account by using the new weight function g2 {e + e 2 /D).
As a consequence of the free-bound interaction the particles in the group (1) can no longer be described by the weight function g1 given in Eq. (3), since strong correlation effects become important. We now determine this weight function by interpolation between £ ( o ) and Of course, this interpolation has to be carried out within the frame of our model assumption taking into account the translational degeneracy effects. That means we have to interpolate not between g0( £ ) an d + ß2 /D) as given in Eq. (3) but between g0 and g2/ n f ? where nf is the free electron density. The uncertainty of this interpolation procedure is minor since the interpolation interval is small and the weight function steady and monotonous. We find Nf gives the total number of free electrons, A^b the total number of bound pairs.
Clearly the effect of the particle interaction on the SAHA equation is reflected in two changes: 1. The influence on the single particle function o0 
Remembering that the classical value Axx calculated with weak pair correlations neglecting free-bound interaction is Axi = e 2 \T> (11)
we find a "correction term" 
holds.
This situation is demonstrated in Fig. 2, which shows the probability density of the pair represen- tation. The light curve describes the case without interaction, whereas the heavy curve gives the probability density with free-free and free-bound interaction as approximated in this paper. The dotted line is based on the false assumption that the contribution of the free-bound interaction is independent of the free particle state; this assumption would pro- The plasma interaction also affects the SAHA equation through the limitation of the single particle partition function. For temperatures low enough, so that the higher terms in the partition function do not contribute this effect is of course negligible. As it becomes important with increasing temperatures the limitation is determined by e 2 /r0 and not by e 2 /D as suggested in Ref. 9 .
The above formalism requires extension where the neutral-neural interactions are important. This is the case for the interpretation of the surprising results found from experiments under extreme pressures 14 .
